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Description 

[0001] The present invention conce rns a procedure as 
defined in the preamble to Claim 1. The invention fur- 
ther concerns apparatus as denned in the preamble to 

Claim 18. 

[0002] The significance, and occurrence, of wear par- 
ticles and other impurities in lubricating and hydraulic 
systems has received increasing attention to recent 
years /Dowson Dl Wear Particles: From the Cradle to 
the Grave, Proc of the 18th Leeds-Lyon Symposium on 
Tribotogy. Elsevier 1992/. In order to Increase the serv- 
ice life of apparatus and to irnprove the retiabil rty of sys- 
tems, apparatus and procedures have been developed 
by which one could better recognize the prevaiing con- 
ditions with regard to oil as well as components and 
which would enable action to be taken wHh regard to 
deviations efficiently and at an early enough stage 
/RadzitawsH R. On-lne monitoring of Contamination 
Level in Hydraulic Ois p. 1 99-221 , Operational Reliabil- 
ity arts Systematic Mahtenanca, Elsevier 19917. 
[0003] Non-continuous procedures based on particle 
counting are known in prior art in which the size Distribu- 
tion of the particles Is det er mined, the cleanliness level 
of the oil being determined on the basis thereof. Also 
procedures based on titration of samples are known, in 
which me quantity and type of particulate impumJes are 
assayed. Furthermore, spectrometry procedures are 
Known by which elements and compotnds present in 
the sample can be identified. 

[0004] The problem embarrassing said procedures of 
prior art is that they are only applicable in non -continu- 
ous analyzing in laboratory conditions. 
[0005] However, in the course of devetoprnent of con- 
dfton monitoring procedures towards automation the 
need has arisen to work out continuously operating 
wear particle analysing methods and apparatus appro- 
priate to be connected to the object whteh is being mon- 
itored . 

[0006] A typical continuous procedure is lor instance 
known through the pubkatlon: "Pracaeotogs, Condtton 
Monitoring -91; "On-line monitoring of ferromagnetic 
debris ooncantration". p. 324". The procedure is based 
on collecting the particles wHh a magnet onto a sensor, 
and on inductive determi n ation of the particle concen- 
tration. The limitation of this procedure, as well as of 
most other on-line, on-site or in-line methods of simple 
design is that none but ferromagnetic particles can be 
assessed. This implies that no information is gained 
concerning other, non-magnetic materials. The parame- 
ters observed with the sensors are usually the partide 
concentration and/or count and/or size olstraxrtion. 
These inrJcators reflect the degree of purity and any 
aggravation of wear con d rti ona (changes of size distri- 
bution). However, these procedures have significant 
deficiencies as regards minimum particle size and/or 
maximum concentration of particles anoVbr air bubbles 
and/or free water. 



[0007] A significant drawback of existing on-One, on- 
site or in-line procedures is that only one or two param- 
eters are monitored, which Is slgnf karttiy conducive to 
increased pOGSttlity of erroneous diagnosis. This is in 

5 practice due to the fact that wear particles and other 
impurities may accumulate at certain points in a hydrau- 
lic and lubricating system, whence they may be unex- 
pectedly entrained wHh the flow, for Instance as a 
consequence of some change in an operating parame- 

7P tar of the machine. A need has therefore arisen to 
develop procedures and apparatus by which one could 
also gain Infor ma tion on particle morphology, in order 
that potential changes of wear conditions could be veri- 
fied on the basis of the particles' appearance prior to 

75 undertaking inspection or repair action, which is often 
very costly. 

[0008] The abject of the invention is to eJirrwwrte the 
drawback mentioned. 

[0009] Specfflcaly. the object of the Invention is to dfe- 
20 dose an automatic procedure and ap p arat us based on 
examining the features of wear particles by means of 
which the wear information which the particles carry 
could be analysed in numerical form during running. 
[0010] it Is further an object of the Invention to dsdose 
25 a procedure and apparatus by which the significant defi- 
cencies of existing, previously known procedures ham- 
pering their comrrierciaJ expfortabilrty can be eirren ated . 
[0011] The procedure of the invention is characterized 
by that which is stated in Claim 1 . The apparatus of the 
90 invention is characterized by that which is stated in 
Claim 18. 

[0012] As taught by the invention, the ffcuid is conveyed 
to an observation point the fluid is rendered stationary 
at the observation point a still knaga is made of the 

3s fluid, the image in analog form is digitized, methods of 
digital image processing are applied to determine auto- 
matically from the image certain index values which are 
central In regard of degree of purity and/or wear situa- 
tion, these values reflecting the size, size distribution, 

40 shape, surface structure, light tranamittance and colour 
of the particles present In the fluid, and the Information 
thus obtained is classified wHh the aid of the index val- 
ues found and of a predetermined set of deduction 
rules, such as an expert system, and the wear situation 

45 of siding and/or roilng mechanical contacts in contact 
with the fluid is determined. 

[0013] A specific application of the invention is condi- 
tion monitoring of a lubricating system or hydraulic sys- 
tem. 

so [0014] The invention affords the advantage that by 
stopping the fluid flow the particles in the flow can be 
recorded tor analysis. Hereby, in addrton to ferromag- 
netic particles also other particle types can be included 
in the observation which are intbrmationaiy significant, 

65 such as alumtoiura copper, oxide, soot polymer, 
molybdenum sulphide, silica (dust, sand) etc. particles, 
and fbres. 

[0019] ft is a further advantage of the invention that 
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the wear situation can be followed in real time adjacent 
to the object that is being mon ito red. 
[0016] Furthermore, owing to the indention, the proce- 
dure can be substituted for present cumbersome labo- 
ratory analyses, and more accurate and more versatile 
information than before can be gained concerning me 
wear and the cleanliness level of the system. 
[0017] In addition, it is an advantage of the invention 
that monitoring a plurality of parameters and the 
changes occurring In them enables the cleanlness 
class ol the fluid to be determined Furthermore, it ena- 
bles the wear situation of siding anoVor roiing contacts 
in contact with the fluid to be determined. The proce- 
dure also yields information on particle morphology, so 
that any change in wear situations that may occur can 
be verified on the basis of the particles 1 appearance 
before undertaking inspection or repair action involving 
high expencfitures. The procedure can be applied to 
monitor all or any types of wear mechanism including 
abrasive, cutting, adhesive, fatigue and trtoochemica! 
wear mechanisms. The wear mechanisms pr waling In 
the system can be identified by specific features in the 
external shape and appearance of the particle, indicat- 
ing a certain wear mechanism, such features being con- 
verted by means belonging to image processing and 
shape identification into mathematical form tor classifi- 
cation. 

[0018] WHh the aid of the procedure, it is possible to 
get in time a suggestion to undertake preventive repair 
action before any expensive damage is incurred. The 
expert system may also be arranged to actuate an 
alarm and to make suggestions for repair action. The 
larger the entity into which the machine under monitor- 
ing has been integrated, the greater the importance of 
its operation being predictable, 
pjuig] |n an embodiment of the procedure, the still 
image rs produced by physically stopping the fluid flow 
at the point of observation. Alternatively, the still Image 
is made by illurninating the moving fluid flow with a flash 
light source, such aa a stioboscopk: lamp. 
10020] In an embodiment of the procedure, the still 
image is produced by using an exceedingly short tkne of 
exposure, such as an exposure on the order of 
1/100,000 second. 

[0021 ] fo an embodiment of the procedure, the fluid is 
made to assume the shape of a thin film at the point of 
observation in order to enable light tiansmrttance. 
[0022] In an embodiment of the procedure, the image 
in algital form is segmented into a monochromatic 
image and a coloured image, which are further proc- 
essed by methods of digital image processing. 
[0023] fan an embodiment of the procedure, immedi- 
ately after stopping the fluid flow and before the parti- 
cles settle on the surface of the tower window, an image 
is produced of the central part of the fluid made into a 
thin film, where the particles have random orientations, 
for particle counting. 

[0024] In an embodiment of the procedure, the image 



is made of the particles present in the fluid, such as 
metallic and/or non-metallic particles, using Supination 
from below. 

[0025] In an embodiment of the procedure, after the 
s particles have settled on the tower wtodow. an image is 
made of the fluid with its particles on the surface of the 
window, tor wear situation analysis. 
[0026] In an embodiment of the procedure, a plurality 
of images Is made using various magnif cations. 
w [0027] In an embodiment of the procedure, In the 
imaging is used continuous itumination and/or Hu mi na- 
tion of photof lash type. 

[0028] In an embodiment of the procedure, in the 
imaging (Humiliation from above and/or from below is 
is used. 

[0029] in an embedment of the procedure, in the 
imaging white ight polarised white Ight ancVbr combi- 
nations of coloured light obtained with filters, such as 
red light from above and green Hght from below, are 
so used. 

[0030] ki an embodiment of the procedure, prior to 
determining sizes, shapes and surface structures, from 
the image are efminated. by cSgrtaJ image processing 
methods, any particles which are outside the depth of 

25 focus field of the image-forming optica 

[0031] In an ernbccliment of the procedure, images 
are made in statistically elgniicant number with a view 
to collecting a time series material which is adequate for 
achieving cleanliness classification determination com- 

90 parable with international standards. 

[0032] In an embodiment of the procedure, a so-called 
fuzzy classifier is employed in the set of deduction rules. 
[0033] in an embodiment of the procedure, as an 
intermediate result and before the final wear situation 

ss diagnosis, are reported the classification results from 
the fuzzy ctessrfier and the devetopmerrt of the interdis- 
tribution of wear mechanisms; as a function of time. 
[0034] In an embedment of the procedure, as an 
intermediate result and before the final wear situation 

40 diagnosis, is reported as a function of time, the develop- 
ment of MMdual particle features computed by the 
image processing software. 

[0035] As taught by the invention, me apparatus com- 
prises a body, comprising a measuring passage pass- 

4E tog therefrough. for conducting the fluid flow to and 
away from the imaging point; an aperture extending at 
the imaging point through said body transversaiy to the 
measuring path; and two imaging windows, supported 
by the body in register with said aperture, the gap 

so between said windows being in ftow communication 
with the measuring passage. The apparatus further 
compisec vah/es tor stopping the fluid to t>e stationary in 
the measuring passage, a photoelectric detector and 
optical means supported by the body, tor producing 

as through the toiaging windows, images of the fluid and of 
the particles therein; a light source for iSuminating the 
object which is being imaged: and a data processing 
device, The data processing device comprises pro- 
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g r am me means for digitizing the analog-form image into 
a digital image, for automatically determining by meth- 
ods off dgHal image processing from the image the 
index Values which are central in view of the cleanliness 
lertrf the flukJarvlfcr the wear siti^ 5 
said characteristic values reflecting the size, size distri- 
bution, shape, surface structural light trarsrnWance and 
colour of the particles present in the fluid. The data 
processing device further comprises a set of deduction 
rules, such as an expert system, for classifying the Inter- w 
mation thai has been obtained with the aid of the index 
values determined and for d e termining the wear situa- 
tion of siding ancVbr rolling mechanical contacts in con- 
tact with the fluid. 

[0038] in an embodiment of the appa ra tus, the appa- is 
ratus comprises valves, such as magnetic valves, for 
stopping the fluid flow in the measuring passage for 
making a still image. 

[0037] In an embodiment of the apparatus, the Ight 
source is a flash light source, such as a stroboscope so 
lamp, for maWng a still Image. 

[0038] In an embociment of the apparatus, the Imag- 
ing windows have been deposed horizontal* with sub- 
stantia^ small spacing, for rendering the fluid Into a thin 
f*n at the imaging point ss 
[0039] fo an embodiment of the apparatus, the soft- 
ware means are deposed to segment the image in dig- 
ital form into a monochromatic image and a coloured 
image. 

[0040] In an embodiment of the apparatus, the appa- so 
ratus comprises a Ight source beneath for producing 
illumination from below. 

[0041] In an embodiment of the apparatus, the appa- 
ratus comprises a light source above tor producing illu- 
mination from above ss 
[0042] In an embodiment of the apparatus, the appa- 
ratus comprises titers for polarizing the light from the 
light source ancVor ftterlng K Into afferent colours or 
combinations thereof- 

[0043] In an embodiment of the apparatus, the photo- 40 
electric detector Is a row-cortlgurated, location-sensi- 
tive detector, such as a line camera. 
[0044] In an embodiment of the apparatus, the photo- 
electric detector is a matrix-configurated, location-sen- 
sitive detector, such as a CCD camera. 45 
[004$] In an embodiment of the apparatus, the appa- 
ratus comprises a light conductor c om po se d of optical 
fibres for carrying the Ight from the Ight source to the 
point of dbservatoon« 

[0046] In the folowing the invention is described in so 
detail, referring to the attached drawing, wherein: 

Fig. 1 presents schematically an embociment of the 
apparatus of the invention for implementing the pro- 
cedure of the invention, ss 
Fig. 2 presents the body of an embodiment of the 
apparatus of the invention, 
Fig. 3 presents the body of Fig. 2, as viewed In the 



drection IIMII, 

Fig. 4 presents In partial longitudinal section, the 
imaging point of the body of Figs 2 and 3, and 
Fig. 5 presents the schematic principle diagram of 
an embociment of the procedure and apparatus of 
the flivention. 

[0047] In Rg. 1 is depicted an apparatus by which it is 
possfole to analyse wear particles and other solid Impu- 
rities present In a f towfog fluid and to determfoe the 
wear situation of mechanical contacts in contact with 
the fluid, continuously and in real time according to the 
on-line principle. 

[0048] The apparatus comprises a piate-t*» body 1 as 
shown in Figs 2-4 and compri si ng a horizontal measur- 
ing passage 2 passing theretrough, by which the fluid 
flow is conducted to and away from the imaging point 3. 
The apparatus is inserted e.g. in a hydraulic or lubricat- 
ing system, in which case hydraulic oil or lubricating oil 
is conducted into the measuring passage. The body 1 
comprises at the Imaging point 3 an aperture 4, passing 
through the body 1 at right angles and transversally to 
the measuring passage 2. Two transparent imaging win- 
dows 5. or glass plates, are connected to the body 1 in 
register with the aperture 4, paralet with and spaced 
from each other, so that the fluid can flow through the 
narrow gap about 1 mm, between the windows 5. The 
gap shapes the fluid into a thin f8m between the win- 
dows 5. in order that Ight might pass through the fluid. 
The measuring passage 2 has inside threads on either 
end, in which magnetic valves 6,7 can be inserted. By 
doting the magnetic valves 6,7, the fluid can be 
stopped to be stationary in the measurfog passage 2. In 
the fluid feeefng direction, before the imaging point 3, is 
also provided a temperature sensor 16 and a pressure 
transducer 17 for measuring the temperature and pres- 
sure of the fluid. 

[0049] The apparatus further comprises, connected to 
the body 1 , a photoelectric detector 8 and optical means 
9 and 1 0. The photoelectric detector 8 is, for instance, a 
CCD camera, tor producing Images of the fluid and the 
particles through the imaging windows 5. The optical 
means include in the present case an objective lens 9 
and a distance ring 10. The apparatus further com- 
prises, connected to the body 1. a light source 11 
beneath it for ItumJnattag from below the object to be 
imaged, and a Ight source 12 above it for illuminating 
from above the object to be imaged. The light source 12 
above, the objective lens 9, the defence ring and the 
CCD camera 8 are combined in one entity which can be 
moved with the aid of a transport mechanism 18 per- 
pendicularly relative to the body 1 It is thus understood 
that the apparatus resembles a microscope fitted with a 
camera. The apparatus further comprises a number of 
fetors 14, ISand 19 for polarizing the Igtf from the light 
source ancVbr filtering it to different colours or combina- 
tions thereof. In the examplary apparatus, the fitBrs 14 
and 15 are disposed between the light source 11 on the 
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underside and the body 1 Trie top-6ide ight source 12 
is supported by a tubular component in a horizontal 
plane, and the fitter 19 can be mounted on this compo- 
nent after the topside ight source 12. 
[0050] The apparatus further comprises a data 
processing device 13, eg. a microcomputer, tt is fur- 
nished wtth the requterte software means. 
[0051] The data processing device 13 is further fur- 
nished wHh a set of deduction rules, provided e.g. in the 
form of an expert system. 

[0052] An embocfement of the procedure is imple- 
mented In that the fluid is conducted from the system 
into the measuring passage, to the imaging point The 
magnetic valves are closed, whereby the fluid stops in 
the measuring passage and the fluid with particles 
resides as a thin fern between the windows. Immedi- 
ately after slopping the fluid flow, before the particles 
have settled on the lower window, the CCD camera is 
operated to make an Image of the cental part of the 
fluid brought into the torm of a thin film between the win- 
dows. In which Image the metalic and rw-metaJlic par- 
ticles have random orientations, using iiumi nation from 
below, for particle counting. Later, after the particles 
have settled on the lower window, an Image Is made of 
the fluid with particles on window surface level lor wear 
situation analysis. Several such imaging processes are 
earned out, using different magnifications, continuous 
illumination and/or photoftash-type illumination, employ- 
ing illumination from above or from bekwvr or both simul- 
taneously. As may be required, white liflfrt, polarized 
white light and/or combinations of coloured light 
achieved with filters, such as red light from above and 
green ight from below, are used, bnages are taken in 
ststteticaly siyTificant number In order to assemble a 
material which is adequate for achieving a deanftness 
classlication determination comparable with interna- 
tional standards. 

[0053] Analysis of the Images is performed aulomati- 
caly with the data processing device. The analog image 
from the CCD camera is Digitized to become a digital 
Image, The Image In digital form is segmented Into a 
rranochrornatic image and a coloured image, which are 
further processed by means of rjghaJ image process- 
ing. Rom the images, index values which are central in 
view of deaniness level and of wear situation are deter- 
mined, these values describing the size, size distribu- 
tion, shape, surface structure, light transmittance and 
colour of the particles present in the fluid. However, 
prior to determining sizes, shapes and surface struc- 
tures digital image processing methods are employed to 
eliminate from the image such particles which are out- 
side the depth of focus range of the image-forming 
optics. 

[0054] Subsequently, the data obtained from the 
images wHh the aid of the set of deduction rules is clas- 
sified on the basis of the index values that were found. 
When from the Images the feature combi n ation s of par- 
ticles present in the fluid have been determined, and 



when it is known from before that to a given wear mech- 
anism correspond given feature combinations of the 
particle, one can conclude that the feature combination 
detenmined from the particle © consistent with a certain 

o wear mechanism. It is posstole in this way to determine 
the wear situation of sliding and/or rolling mechanical 
contacts in contact with the fluid. 
[0055] Now follows a closer description of running- 
tine particle analysis, based on machine vision, accord- 

io Ing to the Invention. The particle analysis can be 
coarsely tfvided into three steps: image acquisition, 
image processing and classlication and diagnostics, to 
the deduction performed by the expert system the fea- 
ture Information from the particles is coupled with user 

is and construction information and the user is given an 
estimate of the purity and wear situation. The structure 
of the procedure is illustrated by Fig. 5. 
[0066] Oil used in a hydraulic or lubricating system is 
made to flow through a perfusion cuvette (ag. that 

so shown in Rgs 1-4). The oil is observed with the aid of a 
CCD camera attached to a microscope. The flow Is 
stopped beiore imaging and the wear particles are 
allowed to settle on the bottom of the imaging chamber, 
upon a glass plate. 

so [0057] Two images are made of each sample: a pho- 
tograph rich in contrast from below in opposite ligrrt for 
particle shape analysis, and a pho to graph from above in 
normal light, which brings out the surface structure. The 
image produced by the camera is dtftized from the 

so video signal into memory on the image processing 
board, for analysis. 

[0058] The particles have been divided into four 
classes according to the wear mechanism which they 
indicate: 

SB 

1. Cutting wear 

2. Fatigue wear 

3. Adhesive wear 

4. Other abrasive or adhesive and abrasive wear. 

40 

[0059] Ctasstflcation Is based on features describing 
the shape of the body, computed from its outline. For 
dassfficatkxialgorittmcm 

classifier of k nearest neighbours, which is pi o gr a mme d 
45 In a microcomputer. Use of a fuzzy classlier is Justified 
because it is frequently difficult even for an expert to 
determine with assurance which wear rnechanism the 
particle under examination represents. However, one or 
several wear mechanisms can always be rejected as 
so being impossible. 

[TJ060] The classiier is taught by showing it images of 
particles belonging to different classes, together with 
the classlication information supplied by the expert to 
the teaching stage the memberships in each class of 
SB the particle being taught are gjven In the form of a vec- 
tor. For instance, a fatigue wear particle belonging to 
Qass 2 (fatigue wear) is taught by means of the vector 
p 1 0 0]. H the expert was uncertain as to the exact clas- 
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siicationoftfie partide, rt is possfole to teach the das- 
stfer wilti uncertain information: for instance, a partide 
representing fatigue wear in the first place but possibly 
also abrasive wear can be taugN with the vector 
[0 0.70 0.3]. 

[0061] The dassiier yields as result the memberships 
in eachdass ol the particle which Is being classified. If. 
lor instance, the result is the vector [1.0 0 0 0], the fea- 
tures of the object being clessfied are fully consistent 
with the features of cutting wear particles and the result 
of classification can be considered reliable. On the other 
hand, if the memberships in several dasses are differ- 
ent from zero and nearly equal, the result of classifica- 
tion is uncertain (e.g. [0.2 0.3 0.3 0.2]}. 
[0062] On the basis of the results, cutting wear parti- 
cles (Class 1) and partides representing adhesive wear 
(Class 3) can be rather well identified on the basis of 
their shape. Partides belonging to classes 2 (fatigue 
wear) and 4 (other abrasive or adhesive and abrasive 
wear) frequently resemble each other in shape to the 
extent that examination of the particle's surface struc- 
ture is necessary in order to guarantee a reliable result 
of classification 

[0063] The surface structure of the wear particle Is 
linked with the wear mechanism, and it is therefore jus- 
tified to associate with the wear diagnostic system of 
lubricating and hydraulic systems such features 
detached from the surface structure which classify sur- 
face detects in accordance with the wear process. 
[0064] Since image acquisition is based on use of a 
CCD camera, one has to took forth© surface strurture in 
the internal grey level information of the wear partides, 
which algorithrnicaly implies appication of so-called 2 
1/2 D methods, when an attempt Is made to estimate 
the nature of the damage caused by the wear event As 
an example may be mentioned, for tostance, a ridge or 
dale (a scratch). 

[0065] The basis of the first step In the analysis Is 
binarizing and segmentation of the image iluminated 
from below, these consisting methodologically of auto- 
matic thresholding and segmenting of the Image. In this 
connection the oMongness of small particles is also 
estimated, which cannot be accomplished with any 
other index values describing shape Among other fea- 
tures in the software may be mentioned a procedure for 
eliminating optically non-focussed objects. Employing 
the particle outlines determined on the basis of seg- 
menting, the partides are detached from the image illu- 
minated from above so that the surface structure might 
be estimated at the proper point Feature of surface 
structure have not heretofore been evaluated in any sta- 
tisticaily significant testing. 

[0066] The feature vector computed by the procedure 
developed for 2 1/2 D surface examination indicates, in 
proportional contributions, the characteristic features 
ofecemMe on the surface of the object In addition, the 
average evennessAinevenness of the surface is esti- 
mated. The former feature correlates strongly with the 



strength of unevermess. A rriodiicabon of the features is 
based on using the estimated surface normals occur- 
rtog within the partide in order to create an " uneven- 
ness map". 

5 [0067] Glossy reflections from a wear paitida have 
also been considered to indicate unevenness of surface 
structure. On the strength of this an Internal segmenting 
procedure has been developed in which the reflecting 
sites are s e p a rate d from the background. A more 
io detailed description of the procedure is forgone here 
because the operation consists of a great number of 
steps. With the aid of the procedure the obiongness of 
the reflecting points, their average orientation and the 
deviation of the orientation are computed and they are 
is dassfied as oblong and round entities. Furthermore, 
the internal central moments of the partides are estab- 
lished, which furnish indfcatiora of the surface struc- 
tures. This portion can be expanded in that the the 
location data of the image elements is fixed in the parti- 
al de under examin atio n, whereby the resolution of the 
procedure Is Improved. 

0)068] Since in certain situations the colour of the 
wear particle directly mcfcatea the object of wear, the 
colour of the partide supplies unambiguous Information 

29 to the ofagnostics block. Colour analysis is based on 
computing the differences in colour between seg- 
mented partides in a certain colour space, the original 
ROB (red. green and blue) signal is by a multi-step 
transformation converted into a colour space presenta- 

30 tion appropriate to this purpose. The procedure 
indudes a certain teaching step in which the probable 
location in the three-dimensional colour space of cop- 
per, aluminium and iron metals is estimated. The loca- 
tion in the colour space of the plot condensations 

35 prolucedbytheparticle6i6d6term^ 
the partide. 

[0069) it has been found in tests earned out using the 
procedure Just described that copper metals can be dte- 
tinguised from iron and aluminium metals. The results 
40 from the tests were manually analysed by comparing 
the locations In the above-mentioned colour space of 
the plot con d ensations of partides representing the 
three metal types. 

[0070] Advanced image processing methods present 
45 useful tools in developing automatic partide analysis. 
An absolute advantage is versatility and high degree of 
i nfo r mati on. In addition to conventional partide concen- 
tration or size dtetr button, the analysis can be extended 
to cover also outvie or surface structure features, or 
so material features such as transparency and colour, giv- 
ing doser indfcation of the wear mechanisms. When 
applied in run time, the procedure yields information 
which is more covering in time, and the conventional 
sources of error of bottle sampling are also eliminated. 
£5 [0071] On the besis of the invention an expert system 
for wear partide analysis has been elaborated, which is 
more closely descrbed in the following. The expert sys- 
tem has easy-to-use user Interfaces. It can be used to 
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faciftate determination of a machine's condition. The 
particles earned along by a fluid yield information on 
deanlness and wear situation. The system which has 
been developed can perform a manual test based on 
ferrography and bichromate microscopy, auto-test anal- s 
yeie on an easting data fie, image data test based on 
distinguishing on-line particle features by a visual sys- 
tem, and a lubricant test. The results gained by the 
expert system are in good agreement with the results 
obtained from human experts. The system also affords 
possibilities for on-me queries and help functions. 
[0072] The system is a ferrography-based system 
compied with Mfcrosofl Visual Basic in Windows envi- 
ronment. The system comprfees the tallowing parts and 
functions: easy-to-use user interfaces, a Knowledge 
base containing more than 400 rules of wear particle 
analysis, a database containing data tables for record- 
ing general test irrtormation, a particle information table, 
results of analysis, and results of lubricant tests. The 
main steps in the analysis are: 

(1) manual test for off-line ferrographic testing with 
a bi chromatic mcroscope, 

(2) auto-test for existing particle analysis, 

(3) image test tor analysis of on-line particle image 
processing, 

(4) lubricant test tor lubricant analysis. 

[0073] The system furthermore features on-line query 
procedures tor data base processing functions. Some 
onlne auxliary functions ham been included In the sys- 
tem. An important part of the system is trend analysis, 
providing a graphic presentation of the changes in wear 
situation in a given machine during a given period of 
time, the period being selectable by the user. The sys- 
tem also comprises procedures printing test information 
and test reports. 

10074] The system has 1 4 foterfaces tor performing all 
predetermined operations, each such port having an 
independent functional role and containing functions. All 
the user has to do Is to Input at the port the requisite 
information and to press requisite keys. 
[Q0751 The particle input parameters include the par- 
ticle characteristics which may be utilized in diagnosis 
of wear situation. The following features are collected: 
lerr o metaMc or non-ferrometalta. colours, fundamental 
shapes, surface structure, size* and number. After this 
information has been input the system can directly ana- 
lyse these parameters, using the knowledge base, and 
give the respective results. When these parameters and 
the lubricant information have been input, the system 
performs the analysis. The user may check the remarks 
in order to be advised of the lubricants condition, which 
is determined on the basis of selected, recorded data. 
The first recorded data In the lubricant data table is 
always used to reaxd the data of new ote. Type of f ilter- 
ing and pore size are also given to complement the 
lubricant analysis. 



[0076] Through the trend analysis interface are input 
the customer's name, name of the machine, starting 
line and terrnination time, to define certain test records 
for trend analysis- A trend graph is given tor the above- 
mentioned tour different wear types. 
[0077] Through the image analysis interfaces the sys- 
tem Is supplied with the name of the hnage fie and the 
number of time points. Two categories "Images" or "Par- 
tides" can be selected. The graphs which are produced 
represent the changes of knags or particle parameters 
within tie selected period of time. Each plot in the 
graphs represents the average value of each image 
parameter during the period selected. 
[0078] In addition to the main Interfaces just 
deecrtoed. the system comprises additional ports for 
accomplishing on-line query functions or printing func- 
tions. 

[0079] The nucleus of the system is a knowledge 
base, which is used in replacement of human experts to 
derive various results from the different input parame- 
ters. It comprises more than 400 rules of wear particle 
analysis. The rules are cfvfded into four categories: 
ide ntificati on of the wear particles' material from the 
characteristics and colours of the particles, analysis of 
the wear particles 1 shape and surface structure, analy- 
sts of the wear pa/tides' size and number, and ffoaBy 
analysis of the wear situation. These rules cover the 
main aspects of renography and they are formulated 
using the "if... then" syntax, whereby they are easy to 
understand and to modify It is also easy to add more 
rules to the know! edge base. 
[008O] The data base of the expert system is used to 
store and to process original or deduced data of the 
system. H comprises four tables, each table having its 
own data structure. The first table is used to record gen- 
eral test irttormation. such re 
era* name, teat date, etc The second table is used to 
record particle Information and to deliver It Into the 
knowledge base. The third table is used to record the 
results of analysis which have been deduced in the 
foowledge base. The fourth table Is used to record and 
to analyse lubricant The procedures of the system 
employ these data structures to acquire, store, print 
examine and compute data, and also to communicate 
with the knowledge base. A procedure has been planed 
for accornpishlrtg analysis of oi samples: manual test 
automatic test image test and lubricant test 
[0081] The system also offers tools for managing the 
data base so that the user can directly view and exam- 
ine, add, delete, transform and print such data as he 
requires. 

[0082] It is poestole on the basis of the profound 
understanding of wear to give an accurate indfcation of 
the oorxftion of a machine's parts and to predict the 
service Ha At present, the most efficient way to deter- 
mine the condrbon of a machine appears to be the use, 
in combi natio n, of several lubricant analysis methods, 
such as SOAP, particle count forage analysis, etc. The 
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information thus obtained is fed into an intelligent 
human-like diagnostic system which produces a report 
of the system* condWon and. possibly, also sugges- 
tions regarding remerJal actions. 
[0083] The invention is not exclusively confined to 
concern the embodiment examples presented in the 
foregoing: numerous mo dW caBon s are feasUe within 
the scope ctf the inventive idea defined by the claims. 



A procedure for analysing wear particles and other 
sofid impurities present in a flowing fluid and for 
continuously determining the wear situation of 
mechanical contacts in contact with the flowing 
fluid, characterized in that 

- the fUd is conducted to a point of examination, 

- a stil image is made of the fluid, 
the image in analog form is cSgrbzed, 
methods of digital triage processing are 
employed to determine from the Image, auto- 
matically, the index values central in view of 
cleanliness level andfor wear situation, which 
describe the size, size Distribution, shape, sur- 
face structure, lighfttr an smrtt an c e andtor colour 
of the particles in the fluid, and 

the information thus obtained is classified with 
the aid of the Max values found and of a pre- 
determined set of deduction rules, such as an 
expert system, and the wear situation of sliding 
and/or rolling mechanical contacts in contact 
with the fluid is determined. 



fluid flow, prior to settling of the particles on the sur- 
face of the lower window, an image is made of the 
central part of the fluid formed into a thin fwn, where 
the particles have random orientation, for particle 
counting, 
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Procedure according to claim 1, characterized in 
that the still image is produced by physically stop- 
ping the fluid flow at the point of examination and/or 
by llumlnatlng the fluid flow with a flash Ight 
source 

Procedure according to claim 1 or 2, characterized 
in that the still image is produced by using an 
axceedtogly short exposure, such as an exposure 
on the oider of 1/100,000 seconds. 

Procedure accordtog to any one ofclai ms 1-3. char- 
acterized in that the fluid is at the point of examina- 
tion made to become a thin film in order to enable 
ight transnrittance. 

Procedure according to any one of claims 1 -4, char- 
acterized in that the image in digital form is seg- 
mented into a monochromatic Image and a 
coloured image, which are further processed by 
methods of digital image processing. 

Procedure according to anyone of claims 1-5, char- 
in that immediately upon stopping the 



7. Procedure according to claim 6. characterized In 
that the particles present in the fluid, such as metal- 
lic andfor non-metallic particles, are imaged 
employing I umi nation from below. 

8. Procedure accorrJng to any one of claims 1-7, char- 
acterized in that after the particles have settled on 
the lower window, the fluid with particles Is imaged 
on window surface level for wear situation analysts. 

9. Procedure according to any one of claims 1-6, char- 
acterized in that a pluraety of images is made, using 
various magnifications. 

10. Procedure accorrJng to any one of claims 1-9, char- 
acterized in that in the imaging continuous illumina- 
tion andtor illumination of photoflash type is 
employed. 

11. Procedure accorrJng to any one of claims 1-10, 
characterized in that in the imaging illumination 
from above andfor from below is employed. 



90 12. Procedure accorrJng to any one of claims 1-11, 
characterized in that in the imaging white light, 
polarized white Itfit and/or combinations of col- 
oured light accomplished by means of fitters, such 
as red light from above and green light from below, 

as are employed. 



11 Procedure accorrJng to any one of claims 1-12, 
characterized In that prior to determination of sizes, 
shapes and surface structures from the image are 
by digital image p ro c e ssin g methods eSminated 
any particles which are outside the depth of focus 
range of the imaging optica 

14w Procedure accorrJng to any one of claims 1-13, 
characterized in tftat images are produced in a sta- 
tistically significant number for collecting a material 
which is adequate for accomplishing cleanliness 
classification determination comparable with inter- 
national standards. 

15. Procedure accorrJng to any one of claims 1-14, 
characterized in that in the set of deduction rules a 
so-called fuzzy classifier is used. 

16. Procedure according to any one of claims 1-15, 
characterized in that as an intermediate resurt prior 
to final wear situation clagnosls are reported the 

i of classlicstkxi from the fuzzy classifier and 
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the development as a function of time of the interd- 
istribution of the wear mechanism* 

17. Procedure accorolng to any one of claims 1-16, 
characterized in that as an intermediate result prior 6 
to final wear situation diagnosis is reported the 
development as a function of time of IndMduai par- 
ticle features computed by the image processing 
software. 

10 

18. Apparatus for analysing wear particles and other 
solid impurities present in a flowing fluid and for 
continuous determination of the wear situation of 
mechanical contacts in contact with the flowing 
fluid, characterized in that the apparatus comprises is 

- a body (1), comprising a through-going meas- 
uring passage (2) for conducting the fluid flow 
to and away from an imaging point (3), an aper- 
ture (4) extending at the imaging point transver- so 
saty to the measuring passage through said 
body, and two imaging windows (5). supported 

by the body in register with said aperture, the 
gap between said windows being In flow com- 
munication with said measuring passage; x 

- a photoelectric detector (8) and optica] means 
(9,10), supported by said body, for imaging the 
fluid and the particles present therein through 
said imaging windows; 

- a light source ( i 1 , 1 2) fcx auminating the object so 
which is being imaged; and 

- a data processing device (13) comprising 

- software means for digitizing the image in 
analog form to become digital and for auto- ss 
maticajty determining by methods of digital 
image processing the index values central 
in view of cleanliness level and/or wear sit- 
uation of the system, describing the size, 
size cfstribution, shape, surface structure. 40 
llgjrttransmrttarroaridto 
tides present in the fluid, and 
- - a set of deduction rules, such as an 
expert system, for classifying the informa- 
tion thus obtained wtth the aid of the index 45 
values found and for determining the wear 
situation of slicing ancVbr rofing mechani- 
cal contacts in contact with the fluid. 

19. Apparatus according to claim 18, characterized In so 
that the apparatus comprises valves (6,7) for stop- 
ping the fluid in the measuring passage to the pur- 
pose of making a still image of the fluid. 

20. Apparatus accorolng to claim 18 or 19, character- fifi 
ized in that the Ight source (11.12) is a flash light 
source, such as a stroboscope lamp, for making a 
still image of the fluid. 



21. Apparatus accorolng to any one of claims 18-20. 
characterized in that the imaging windows (5) are 
Disposed horizontally; s*»ced at a substantialy 
small distance, for making the fluid asume the form 
of a thin f Dm at the imaging point 

22. Apparatus accordtog to any one of claims 18-21. 
characterized in that the software means have been 
arranged to segment the image in dgrtai form into a 
mofxxtfwomatfc and a coloured Image. 

2& Apparatus according to any one of claims 18-22. 
characterized in that the apparatus cornprises an 
underside light source (1 1 ) tor accornpiishlng iBumi- 
nation from below. 

24. Apparatus according to any one of claims 18-23. 
characterized in that the apparatus comprises a 
topside light source (1 2) for accomplishing Humilia- 
tion frcnri above 

25. Apparatus accorolng to any one of claims 18-24, 
characterized in that the apparatus cornprises ti- 
ters (1 4,1 5,1 9) tor pdartztog the light from the light 
source and/or filtering it into different colours or 
combinations thereof. 

26. Apparatus accorolng to any one of claims 18-25. 
characterized in that the photoelectric detector (8) 
is a row-shaped, kxation-sensitive detector, such 
as a line camera, or a matrix-shaped location-sen- 
sitive detector, such as a CCD camera. 

27. Apparatus accorolng to any one of claims 18-26, 
characterized in that the apparatus comprises a 
light conductor composed of optic fibres for con- 
ducting light from the light source (11.12) to the 
point of examination (3). 



1. Verfahren zur Analyse von VerschleiBpartikeln und 
andaren fasten Verunreinigungen, dte in einem fle- 
Benden Fluid vorhanden find, und zur kontinuieril- 
chen B e sMmmu ng des Abnutzungsgrades von 
mechanischen Kbntakten, die in KontaW mrt dem 
fieSenden Fluid stnd, 
dadurch gekenrtzeichnet, dass 

das Fluid zu einem Untersuchungspunkt gelei- 
tetwird, 

- ein Standbild von dem Ruid gemacht wird, 

- das Bild in analoger Form cfigrtalisiert wird, 

- Vertahren tor die Verarbertung von digftalen Bi- 
dern verwendet warden, urn automatfech von 
dem Bid die Ind ex wer te, die weeentiich in Hin- 
sfcrrt auf das Reinheitsniveau und/bder den 
Abnutzungsgrad and, zu bestirnmen, welche 
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7. 



rJe GrOBe, oSe GrCBerwerteilung, c*e Form, die 
OberflachenstnJdur, cfe UchtJurcniassHJkeit 
undfoder die Farbe der Parti tal in dem FluW 
beecrtrefeen, und 

cie so arhaftane Irttormationan mft der HMeder 
gefundenen Sdhwerte und einem vorbestimm- 
ten Satz von Deducttonsregetn, z.B. einem 
Expertensystera Wassiiziert werden. das den 
Abnutzungscrad von gleftenden undfoder rol- 
lenden mechantecften Kontakten In Kontakt mrt 
demRiid bestimmt «W. 

2. Vertahren nach Anspruch 1, 
dadurcti gekeririzeicfiriet. dass 

Standbfld durch ein physikalisches Stopper) dee 
Fluidflusses an dem Untersuchungspunkt und/oder 
durch Beleucrrten des Flutdstroms rrit eirer BWz- 
ichtqueJie erzeugt wild. 

3. Vertahren nach Anapruch 1 Oder 2, 



das Standbild durch die Verwendung einer auBer- 
orderrttich kurzen Beiichtung, z.B. einer BeJichtung 
einer GrOBeoordnung von 1/100.000 SeJunden 
erzeugt wird. 

4. Vertahren nach einem der Anspruche 1 bi6 3, 
dadurch gekennzelcrinet, dass 

das Riid an dem Untersucrmjnrjspunkt zu einem 
dunnen Fim gemacht wird, um eine Uchttranemis- 
sion zu ermoglichen. 

5. Vertahren nacri einem der Anspruche 1 bfe 4, 
dadurch gekemueictinet, dass 

das Bid in dealer Form in ein mono chro m alie chee 
Bild und eJn farbiges Bild untertelt wird. weiche 
wetter durch Verfahren der digjtalen Hldverarbet- 
tung behandett warden. 

6. Verfahren nach einem der Anspruche 1 bis 5, 



rachdem sich rJe Partfcel 
abgelagert haben, das Fluid rrit Parti kdn auf dem 
Fm is t ei c tae rtftch en ntv aau fur die Analyse dee 
Abnutzungsgrades abgebidet wwd. 

9. Verfahren nach nem der Anspruche 1 bis 8, 



urmttefcar nach dem Anhaften des Fluidflueeee 
und vor dem Absetzan von Parti kaln auf der Ober 
f ache des unteren Fensters, ein Bild des zentralen 
Bereiches dee R Lid as gemacht wird, welches in 
einem dunnen Fim geformt 1st in dem die PartikeJ 
eine zufallige Orientierung haben, um die Partikel 
zu zatilan. 

Vertahren nach Anspruch 6, 
dadurch gekermzelclinet, dass 
die Partikel. die in dem Fluid vorhanden sind, z.B. 
metalische undfoder nicht-metalische Partikel, 
durch eine Beleuchtung von unten abgebildet wer- 
den. 



8. Verfahren nach einem der ArtsprOche 1 bis 7, 
dadurch gekennzeicttnet, dass 



mehrere Bitter unter Verwendung von unterschied- 
Ichen VergrOBerungscjaden gemacht warden. 



10. Vertahren nach einem der Anspruche 1 bis 9, 
dadurch gekemzetchnet, dass 
bei der Blderzeugung eine Kontinuierliche Beieudv 
tung uncVoder eine Beleuchtung mrt einem FotoHltz 
is verwendet wird. 



11. Vertahren nach einem der Anspruche 1 bis 10. 
dadurch gekermzetchne^ dass 

bei der Bilderzeugung eine Beieucrrtung von cben 
eo uncVoder von unten verwendet wild. 

12. Verfahren nach einem der Anspruche 1 bis 11, 
dadurch gsksnnzelc hnet, dass 

bei der Bilderzeugung weJBes Uctit, polarfeiartee 
23 weiBee Licht uncVoder Kombi nation en von gefarb- 
tem Licht unter der Verwendung von Rftern benutzt 
wird, z.B rotes Lichi von oben und grOnee Licht von 
unten 

30 13^ Verfahren nach einem der Anspruche 1 biB 1 2, 
dadurch gekermzeichnet, dass 
vor der Bestimmung der GrOBen, der Formen und 
der Oberfiacherstrukturen aufgrund des BikJes alia 
Partikel durch verfahren der dgttalan Bidverarbei- 

35 tung ewwrtiert werden, die auSerhalb der Tiefe dee 
FWoisbereichas der AbbikiungsoptikBn sind. 

14. verfahren nach einem der Anspruche 1 bis 13, 
dadurch gefcerinzslchnet, dass 
40 aider in einer statistisch ejgniikarrten AnzaN 
erzeugt werden, um ein Material zu sammeln, wel- 
ches geeignet ist eine BestHnmung einer Rein- 
heteWaBdBkHrJon verglaichbar rrit intemationaten 
Standards durchzufuhren. 
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1& Vertahren nach einem der Anspruche 1 bis 14, 
dadurch gekenmeKleieU dass 
In dem Satz von Daduktiansregeln ein sogen. 
Fuzzy-Wassiizierer verwendet wird. 

16. Verfahren nach einem der Anspruche 1 bis 15, 
dadurch getaenmelchnet dass 
ate ein Zwisc h enresultBt vor der endgOfflgen Dia- 
gnose dee Abnutzungsgrades die Resuhate der 
Klassifkaikxi von dem Fuzzy-Wassf izJerer und der 
Entwiddung als eine Funktion der Zeit von der 
Interdistrtajtion der Abiagerungsmecharismea 
berfchtBtwird. 
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17. Verfarr en nach nemder AnsprOche 1 bis 16, 
dadurch gakan nzdc hnet, dasa 

ate ein Zwischenergebnis vor der endgGHgen Dia- 
gnose des Abnutzungsgrades <*e Entwiddung ate 
eine FunWon der Zert von findMduelen Paftikatel- s 
genschaften berichtet wit), dfe durch die Btdverar- 
bettungssoftware berechnet wind. 

18. vorrtchtung zur Analyse von VerschleiBpartikein 

. und anderen fasten verunrelrtgungen. cie In einem 10 
fieBenden FukJ vorhanden sind, und zur tontinu- 
iaritehen Bestirnrnung des Abnutzungsgrades von 
mechantsctien Kdntakten, cie in Kbntakt mrt dem 
fieBenden Fluid sind. 

dadurch gekennzelchnet dass is 
die Vorrichtung Wgendes umfasst: 

einen Kdrper (1), der eine durchgehende Mee- 
spassage zur Lettung des Riidflusses zu 
einem imaginaren Punkt (3) und von cfieeem so 
weg, eine Apertur (4), die sJch an dam Imaglna- 
ren Punkt transversal zu der Messpassage 
durch den Korper erstreckt, und zwei Abbil- 
d ungBfanster (5), die durch den Korper unter- 
stutzt und in der Apertur eingefasst sind. wobei zs 
der Spart zwiscrten den Fenstem in einer Rus- 
skommunikaiion mrt der M es spa s sa g e ist; 
einen fotoelektrischen Detektor (8) und cpti- 
sche Mrttel (9, 10). die durch den Korper unter- 
etutzt sind, zur AbbikJung des Ffcjides und der so 
darin enthattenen PartikeJ durch die Abbil- 
dungsfenster; 

eine Uchtquelle (11. 12) zur Beieuchtung des 
***** MriiH Mian Objektes; und 

eine Datenveratoert^ (13). die as 

umfasst 

SoftwaremitteJ for die Digital isierung des BiUea 
In analoger Form, damrt dieses digital wind, und 
zur autornafechen Bestmmung der Index- 
werte durch Vertahren der digrtalen Bidverar- 40 
belfung. ale wesentlfch In Hnsteht auf das 
Retoheitsntveau undfeder den Abnutzungsgrad 
des Systemes sind, welche die GroBe, die Qro- 
Benverteiung, die Form, dto Oberf lachenstruk- 
tur, die LchWurchlassigkftit undVbder die Faroe 4B 
der Partkel beschretoen. ale in dem Fluid vor- 
handen sind, und 

einen Satz von DeduWtonsregeln, z.& ein 
Expertensystem zur Klassiizierung der so 
erhaitenen IrebrmaikMien mrt der Wfe der so 
gefundenen Indexwerte und zur Bestmmung 
des Abnutzungsgrades von gleitenden 
und/oder roilenden mechanfechen WDrrtakten. 
die in Kbntakt mrt dem Ruid sind. 

SB 

19. Vorrichtung nach Anspruch 18. 
dadurch gekennzelchnet, dass 

die Vbnicrrtung VenBe (6, 7) zum Anhalten des 



Ruidee in der Messpassage umtesst urn ein 
Standbild des Ruides zu machen. 

2a Vorricmung nach Anspruch 18 Oder 19. 
dadurch gefcen nzeicti net, dass 
die Lichtquelle (11. 12) eine Bfctzfcchtqueiie, z.B. 
eine Sl ro bostop fa rnpe 1st urn ein StandUd des 

Ruides zu machen. 

21. NAxrichtung nach elnem der AnsprOche 18 bte 20. 
dadurch gefcen nzelch net, dass 

die Afabildungsfenster (5) horizontal und mrt einer 
im WesentSchon M einen Distanz beabstandet von- 
einander angeordnet sind, um zu bewfrken, dass 
das Fluid an dem imagpn&ren Punkt die Form eines 
dun nen Rimes annimmt 

22. Vorrichtung nach einem der Anspruche18bis2l, 
dadurch gekerinzeichnet, dass 

das Softwaremitte) angeordnet ist um das BIU in 
dlgitaler Form in ein rnonochromati sches und etn 
larbiges BDd zu untBrteilen. 

23. vtorrichtung nach einem der AnsprOche 18 bte 22. 
dadurch gefcen nzelcli net, dass 

die vorrichtung eine Urrtersertenlicrrtquele (1 1) zur 
Bereitstellung einer Beieuchtung von unten 
umfasst 

24. Vorrichtung nach einem der Anspruche 181*22, 
dadurch gekennzelchnet, dass 

die Vorrichtung eine OberceiterticMquefe (12) for 
die Bereitstellung einer Beieuchtung von oban 
umfasst 

25. \forrichtung nach einem der AnsprOche 18 bis 24, 
dadurch gekennzelchnet, dass 

de Vorrichtung Rtter (14, 15. 19) umfasst tflr de 
Polarisierung dee Lichtes von der LicrttqueHe 
und/oder um dieses Ucht in verschiedene Farben 
oder Kornbiriatkxien derseben zu f litem. 

26. Nftxrkiitung nach einem der AnsprOche 1 8 bte 25. 
dadurch getannzeicrtnat, dass 

der fotoelektrteche Detektor (8) ein zeilenformiger 
ortssensrtiver Detektor. z.B. eine Zeiente m er a 
Oder ein rnatrixforrriger ortssensrtiver Detektor, z.B. 
eine CCD-Kamera ist 

27. Vbrrkchtungnach einem to AnsprOche 18 bfe 28, 
dadurch gefcen nzel chnst, dass 

die Vorrichtung einen Uchtleiter umfasst der opti- 
sche Uchtweilenlerter zur LeHung des Uchtes von 
der Lichtquele (11, 12) zu dem Urrtarsuchungs- 
punkt (3) beinhattet. 
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1. Methode permettartt d*anaJyser des partodes 
resultant d'usure et autres irnpuretes eoJidee pre- 
sentes dans unf luide drcuiant et da deter miner en 
continu, la situation dVieure de contacts mecant- 
queG en contact avec le f luide drcuiant, caracterl- 
see en ce que 

ie fluids est conduit |usqu'a un point d'examen, 

une image fixe est prise du fkiide, 

limage analogiqije est numerisee, 

des precedes de traitements dimage numert- 
que sort employes pour determiner automafr 
quement, a partir de nmage, lee vaieurs 
dlndices centrales au plan du niveau de pro- 
prete etfbu de la situation dtisure, qui decriverrt 
la tallle, la composition granutometrlque. la 
forme, la structure superficieMe, la transmission 
de la lumiere et/ou la oouleur dee perticulee 
presentes dans le fluid©, et 

les in fur i nations ainsi obtenuessontciassees a 
l*aide des vaieurs cTindices trouvees et cfun jeu 
predetermine de regies de deduction, tei qu'un 
systeme expert et la situation cTusure des con- 
tacts mecaniques roulant et/ou couGssant en 
contact avec le ftiide est deter minea 

2. Methods seton la reverxfeation 1, caracterisee en 
ce que I Image fixe est produrte par un arret physi- 
que de recotf ernerrt du f lukle au point d'examen 
et/ou en edarant I'ecoulernent du flukte avec une 
source cTeciajra 

3- Methode seton la revendication 1 ou 2, caracterisee 
en ce que I Image fixe est produrte en utlisant une 
exposition extremement courts, telle qu'un e exposi- 
tion de I'ordre de 1/100.000 seconde. 

4. Methode seton Tune quekonque des revencSca- 
tions 1 a 3, caracterisee en ce que le tluide est au 
point d'examen. transform* en une couche mince 
arm de permettre la transmission de le lumiere. 

5. Methode seton rune quekonque dee revenolca- 
tions 1 a 4. caracterisee en ce que nmage sous 
forme rtumerique eat segment ee en une image 
moroc hr o mati que et une image ookxee qui eont en 
outre traiteeB grace aux procedes de traftemerrt 
dimage nurnerique. 

6. Methode seton Tune quekonque des revencfica- 
tions 1 a 5. caracterisee en ce que, des larret de 
recoulement du f luide, avant de faire deposer les 
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particules sur la surface de la fenfitre inferieure, 
une image est tarte de la parte centrale du f luide 
forme an une couche mince, ou les parHcutes ont 
une orientation aleatoire, afin de compter lee parti- 
5 cutes. 

7. Methode seton la reverxflcatkm 6, caractartsee en 
ce que les particules presentes dans le f luide, teles 
que des particules metal Iques et/ou non metalli- 

w ques, sent mises en Image an emptoyant un octal - 
rage par au-deesous. 

8. Methode seton I tine quetconque des revendfca- 
tions 1 a 7, caracterisee en ce que, lorsque les par- 
rs taiessesomdepoeeessurlafenetre^ le 

f luide contenant les particules est mis en image sur 
la surface de le fenetre aux fins d "analyse de la 
situation cTusure. 

so 9. Methode seton rune quetconque des revencfica- 
Uons 1 a 8, caracterisee en ce quline pfuralte 
dlmages est faite, en utifsant differ ents agranrJs- 
sementa 

25 10. Methode seton rune quetconque des revencSca- 
tions 1 a 9. caracterisee an ce que kxs de la prise 
d* knage, un eciairage confirm etfou un eciairage du 
type photoedair est utilise. 

so 11. Methode seton rune quetconque des revencfica- 
tionsl a 10. caracterisee an ce que kxs de la prise 
dimage, un eciairage de dessue et/ou de dessous 
estutSs*. 

35 12. Methode seton rune quetconque des revendfca- 
ttons 1 a 11, caracterisee en ce que km de la prise 
dimage, de la lumiere blanche, potarisee a la 
lumiere blanche et/ou des cornblnalsons de lumiere 
cotoree reaisees grace a des f iltres, comme de la 

40 lumiere rouge par desaus et de la lumiere verte par 
dessous, sort utiteees. 

1a. Methode seton l"une quetconque des revencSca 
tions 1 & 1 2, caracterisee an ce que, avant la d6ter- 

45 mi nation de la faille, de la forme et de la structure 
superflciele de I Image, toutes les particules qui ne 
sort pas comprises dans la gamrne de rrise au 
point de I'cptiqua de prise dimage sont eliminees 
grace aux procedes de traitement dimage numeri- 

50 que. 

14. Methode seton I'une quetconque des revencfica- 
tionsl a 13, caracterisee en ce que les knages sont 
produrtes en un nombre atabquement signincatif 
£5 pour collector une matiere adequate pour realiser 
une determination de c la s si fic ati on de proprete 
comparable aux normes irtemattonales. 
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15. M&hode selon rone quelconque des revindica- 
tions 1 a 14, caracterisee en oe que, dans Id jeu de 
rdgles de deduction, un dassfficateur dtt f kxj est uti- 

16. MettxxJe selon rune quelconque dee revendica- 
tkmsl ftl5.GBracMrl6teoncequele6rteuftatBd8 
la classification obtenus grace an dassific ate ur flou 
ara que la ctevetoppement en fonctkxi du temps 
de I1rter-r6partrtk>n dee m6cantemes cTusure eont 
rapportes on tant que resuttat i m ermediaire prece- 
dent le diagnostic final de situation cTusura 

17. M6thode selon rune quelconque dee rerandica- 
ttons 1 k 16, caracterisee en ce que le deveJoppe- 
mem en taction du temps dee caracteri cliques des 
particules sAparftes cakxltas par le kxjfttiel de trai- 
tement cfimage est rapports on tant que resuttat 
interm6ciaire pr6c6dant le diagnostic fral de situa- 
tion dtjsura 

18. Apparel permcrtiant cTanalyser des particutes 
resultant dusure et autres impuretes sondes pre- 
sentB6 dans unflulde drcutant. el de determiner en 
contvnu la situation d"usure de contacts mecani- 
ques an contact avec le flukte ctcuJant caractdri- 
806 once que I'appareil c ornpren d 

- un corps (1), comprenant un passage de 
mesure (2) traversant permettant de conduire 
rteoulement du flukte en direction de. et k par- 
Hr cfun point de prise dlmage (3), une ouver- 
1ure (4) s'dtendant au point de prise dlmage 
penpendkaitairement au passage de mesure, H 
travere lecft corps, et deux fenetree de prise 
dlmage (5). supporters par le corps de facon k 
€tre catees avec ladle ouverture. nntersbce 
enrtre les deux dftes fenttres tant an commu- 
nication fluid ique avec ledrt passage de 



un 



de traitemen t de domeee (13), 



- un moyen togiciel pour numeriaer Hmage 
sous forme analog ique afki quelle 
devierme numenque et pour determiner 
automatiquement au moyen de proc&tes 
de traite ment dlmage numdrfcjue, les 



valeurs dlncfee centrales au plan du 
niveau de proprete et/bu de la situation 
cfusure du system©, dfcrivant la taille, la 
composition granuloma ique, la forme, la 
structure superfteielB, la transmission de 
la lumiete et/ou la couleur des particutes 
>le flukte, et 
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is 



so 



- un jeu de regies de deduction, comma un 
systeme expert, pour dasser les Informa- 
tions arts* obtenuee k I'aide des valeurs 
dlncfce Irouvdes et pour determiner la 
situation d'usure des contacts mecartques 
roulant et/ou coufssant en contact avec le 
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19. Appareil seion la revenolcartion 18. caractf rte 6 an 
ce que i'appareil oomprend des eoupapee (6, 7) 
pour arrtter le flukte dans le passage de mesure 
dans le but de prendre une image fixe dufluida 

20. Appareil sekm la revindication 18 ou 19, caracte- 
rise en ce que la source lurrtneuse (11, 12) est une 
source lumftneuse 6dak. tei quUne lampe strobos- 
oopique, pour prendre une image fixe du flukte. 

21. Appareil selon rune quelconque dee revencScations 
18 k 20, caracteiise an ce que les tenures cTimage 
(5) sort dispos6ss horizontal ement, espacdes 
selon une distance essentieflement petite, afki de 
faire prancfce au fluids la forma dune couche mince 
au point de prise cfimage, 

22. Appareil sekxi Tune quelconque des revendrations 
18 6 21. caracterise en ce que le moyen logiciei a 
46 agenc6 pour sepjnertter I' image sous forme 
numerique en une image monochromatioue et 
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un detecteurprKrtoeiectnque (8) et des moyens 
optiques(9. 10) supports par ledtt corps, pour 
la prise dlmage du fluide et dus particules pre- 
sentes dans celui-ci k travers lesdites fandtres as 
de prise dlmages ; 

une source lurrtneuse (11. 12) pour edairer 
robjet dont on prend une image ; et 



so 



ss 



2a Appareil selon rune quelconque des revencfcations 
18 k 22, caracterlse on ce que I'appareil conprend 
une source lurrtneuse situee au-dessous (1 1) pour 
realiser reciairage par dessous. 

24. Appareil seton Tune queJconque des reverxfications 
1 8 £ 23. caracterlse en ce que i'appareil conprend 
une source lumineuse situee au-dessus (12) pour 
realiser reciairage par dessus. 

25. Appareil sekxi rune quelconque des revendfcattons 
18 k 24, caracterise an ce que I'appareil cornprend 
desfatres(i4, 15, 19) pour poiariser la lumiere pro- 
venant de la source lumkieuse et/ou pour la filtrer 
en cSfferentee couleurs ou connbinaieona. 

26. Appareil sekxi rune quelconque des revenc fca tions 
18 k 25. caracterise on ce que le d6tecteur photo6- 
lectrique (8) est un ctttecteur senslaie k la posifion 
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et formg en igne, tel qifune camera en ligne, ou un 
detecteur sensible & la position an forme de 
metrics, com me une cam6ra CCD. 



27. Appareil sekxi llnequetoonque dee r 

18 6 26. caracttri86 en ce que rappareil comprend 
un Gondijcteur de lumtere compose de fibres anti- 
ques pour conduire la lumiere provenant de la 
source lumineusa (11.12) jusqufau point d'examen 
(3). w 



is 
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